Abstract-mesh is a network topology that achieves high throughput and stable intercommunication. With great potential, it's expected to be the key architecture of the future network. Wireless sensor networks are an active research area with numerous workshops and conferences arranged each year. This paper designs a new routing metric for wireless mesh sensor networks on the study of traditional metrics. Results from simulation experiments reveal that the new metric algorithm improves the energy balance of the whole network and extends the lifetime of wireless mesh sensor network.
INTRODUCTION
Wireless sensor networks are one of the most rapidly evolving research and development fields for microelectronics. The sensor nodes are expected to have low power consumption and simple structure characteristics, while have the abilities of sensing, communicating and computing. As the power of sensor nodes is usually supplied by battery, to design a good protocol for WSNs, the first attribute that has to be considered is energy consumption. There are lots of topologies for WSNs, such as star topology and line topology. Among these topologies, mesh has large throughput and excellent stability, which is upcoming to become the model of future network. Mesh networks are characterized by self-organizing selfconfiguring capability, ease, and rapidity of network deployment. Since its inception in the early years of this millennium, it has been in the limelight of all researchers.
Mesh networks, motivated by wireless neighborhood networks [1] , [2] , are composed of static wireless nodes that have ample energy supply, providing a distributed infrastructure. Each of these wireless nodes can be equipped with multiple radios, called a multi-radio/multi-channel node, and each of the radios can be configured to a different channel to enhance network capacity.
The interest in wireless mesh netowrks(WMSNs) has increased in recent years and several international standardization organizations are now developing specifications for wireless mesh networking. IEEE 802.11 Task Group S (TGs) is standardizing wireless mesh networking based on IEEE 802.11 WLAN [3] and the Hybrid Wireless Mesh Protocol (HWMP) has been defined as the mandatory routing protocol for WLAN mesh networks. Although HWMP provides a matured routing scheme, merging the on-demand routing with the proactive routing, the standard does not present a method for WSN in which field energy should be a great factor to take into account, and there have been very few related works on this issue [4] .
To achieve longevity in sensor networks, energy-aware architectures and protocols have been thoroughly investigated in recent literature. [5] introduced the NeLMUK algorithm to maximize the lifetime of 802.15.4-based wireless sensor networks. [6] improved the ZigBee mesh routing protocol for energy-efficiency usage, and proposed a routing algorithm combining AODVjr with the node residual energy. This paper studies the method of searching for the optimum routing paths quickly and efficiently for wireless mesh sensor network by modify the routing metric in HWMP. A new routing metric that consider the route affect to the energy distribution of the network which is called expected transmission energy(ETE) is proposed. In addition, we simulated the new metric algorithm compared with HWMP and min-hop in NS3 to evaluate the performance of the proposed routing method. Through experiments, we verify that the proposed algorithm gets better performance in energy distribution which could extend the lifetime for WSNs.
The remainder of this paper is organized as follows. In Section II, we describe traditional routing methods and HWMP routing briefly. Section III introduces the ETX and ETT metric and presents the proposed ETE metric. In Section IV, we introduce the ETE into HWMP airtime metric present and analyze the simulation results. Finally, Section V concludes this paper.
II. ROUTING PROTOCOLS FOR MESH NETWORK
Depending on when routes are calculated, the routing protocol can be divided into two categories: on-demand routing and proactive routing. Different routing protocols have different costs in terms of message overhead and management complexity.
A. On-demand Routing
Originally proposed for ad hoc networks, on-demand or reactive routing protocols (e.g., DSR [7] , AODV [8] , MCR [9] , LBAR [10] , and DLAR [11] ) only create a route between a pair of source and destination nodes when the source node actually need to send packets to the destination. Network-wide flooding is usually used to discover routes whey they are needed. For ad hoc networks, since there are frequent link breaks caused by the mobility of nodes, flooding-based route discovery provides high network connectivity and relatively low message overhead compared to proactive routing protocols. However, in wireless mesh sensor networks, links usually have much longer expected lifetimes due to the static nature of nodes. Since the frequency of link breaks is much lower than the frequency of flow arrivals in mesh networks, flooding-based route discovery is both redundant and very expensive in terms of control message overhead. Therefore, pure on-demand routing protocols are generally not scalable or appropriate for mesh networks.
B. Proactive Routing
In proactive routing protocols, each node maintains one or more tables containing routing information to every other node in the network. All nodes update these tables to maintain a consistent and up-to-date view of the network. When the network topology changes, the nodes propagate update messages throughout the network to maintain consistent and up-to-date routing information about the whole network. These routing protocols differ in the method by which packets are forwarded along routes. Every node maintains a routing table that indicates the next hops for the routes to all other nodes in the network. For a packet to reach its destination, it only needs to carry the destination address. Intermediate nodes forward the packet along its path based only on the destination address. Due to its simple forwarding scheme and low message overhead, proactive routing is dominant in wired networks. However, despite its benefits, proactive routing requires careful design of its routing metrics to ensure loop-free packet forwarding.
C. Hybrid Wireless Mesh Protocol（HWMP）
IEEE 802.11s defines HWMP as the mandatory routing protocol for WLAN mesh networks and optionally allows other routing protocols such as the Radio Aware Optimized Link State Routing (RA-OLSR) protocol. HWMP provides the two routing modes of on-demand and tree-based proactive that can be cooperated. HWMP uses a common set of protocol primitives, generation and processing rules inspired by the Ad hoc On-demand Distance Vector (AODV) protocol [12] ..
III. ROUTING METRICS
Router metrics can contain any number of values that help the router determine the best route among multiple routes to a destination. A router metric typically based on information like path length, bandwidth, load, hop count, path cost, delay, Maximum Transmission Unit (MTU), reliability and communications cost.
A. Tranditional Routing Metric Hop Count
Hop count is the most commonly used routing metric in existing routing protocols such as DSR [7] , AODV [8] , DSDV and GSR. It reflects the effects of path lengths on the performance of flows. Since a hop count metric is isotonic, efficient algorithms can find loop-free paths with minimum hop count. However, hop count does not consider the differences of the transmission rates and packet loss ratios between different wireless links, or the interference in the network. Hence, using a hop count metric may not result in good performance.
Expected Transmission Count (ETX)
ETX, proposed by De Couto et al. [13] , [14] , is defined as the expected number of MAC layer transmissions that is needed for successfully delivering a packet through a wireless link. The weight of a path is defined as the summation of the ETX of all links along the path.
Here, k means the transmission times for a node send a packet to node b successfully. p means error rate of the transmission.
Since both long paths and lossy paths have large weights under ETX, the ETX metric captures the effects of both packet loss ratios and path length. In addition, ETX is also an isotonic routing metric, which guarantees easy calculation of minimum weight paths and loop-free routing under all routing protocols. However, the drawback of ETX is that it does not consider the energy consumption of the devices in the network.
Expected Transmission Time (ETT)
The ETT routing metric, proposed by Draves et al. [15] , improves ETX by considering the differences in link transmission rates. The ETT of a link l is defined as the expected MAC layer duration for a successful transmission of a packet at link.
The weight of a path p is simply the summation of the ETT's of the links on the path. The relationship between the ETT of a link l and ETX can be expressed as:
Where l b is the transmission rate of link l and s is the packet size. Essentially, by introducing l b into the weight of a path, the ETT metric captures the impact of link capacity on the performance of the path. Similar to ETX, ETT is also isotonic. However, the remaining drawback of ETT is that it still does not fully capture energy consumption in the network. For example, ETT may choose a path that the energy of the devices along the path is quite low. Though it may achieve high throughput, the lifetime of the WMSN may be awfully short as energy consumption focus on some nodes.
B. HWMP airtime metric
In HWMP, the cost function for establishment of the radioaware paths is based on airtime cost. Airtime cost reflects the amount of channel resources consumed by transmitting the frame over a particular link. This measure is approximate and designed for ease of implementation and interoperability. e is the probability that when a frame of standard size (B t ) is transmitted at the current transmission bit rate (r), the frame is corrupted due to transmission error.
C. ETE
All the algorithms mentioned above do not take the energy factor take into account which is one of the most important problems of wireless sensor network. Our assumption is that all nodes are considered equally important in a WMSN. We would like to ensure that no node consumes energy at a rate significantly higher than other nodes; while simultaneously keeping the average power consumption rate low.
This conception can be formulated as two important parameters:
E is the remaining energy of node after the transmission, ic E is the energy consumption of the node i in the transmission which related to the distant, n is the number of nodes of the whole network, j n is the number of nodes along the selected route. The steps of route's judgement can be concluded as the following four steps:
1)
c E must be less than some maximum budget threshold t E .
2)
2 E σ should be minimized after the transmission.
3) Once (1) and (2) is satisfied, the less c E it has, the better route it is. 4) Once a node's energy below a designated threshold, the node won't join the calculation of route metric which means it only sends his new packets and won't forward packets for others.
The routing metrics must ensure that optimum paths can be found by efficient algorithms with polynomial complexity. However, the expression of the 2 E σ makes the algorithm too complex to realize. So the algorithm needs to be simplified. The minimization of 2 E σ is equal to choose route with the maximum c E . Focus the energy consumption on the route consists of nodes with more power will help to the balance of the energy distribution of the whole network. But it will take a further path which contains more nodes(even powerless ones) that help to increase the total consumption energy c E . So, our simplified metric can be modified as 
In case, there exist two routes with approximately equal energy. To prevent extra energy consumption in route establishment, the route metric won't be recalculated until the tenth transmission on the old route.
IV. SIMULATION AND ANALYSIS
All of our simulations are performed in the NS3 simulator. And the result figure is printed in matlab after the process of awk script. One hundred nodes, representing the sensors, are regularly placed over a 10X10 grid. The sources and destinations of the data flows are randomly located in the mesh network while the root of mesh network is designated. To 100 20 100 D S simplify the simulation, we set the initial energy of a node 100. If a node sends a packet, it will cost it 1 point of energy, the same is in its receiving process. This means the node will lose 2 points of energy, once it forwards a packet. If a node's energy less than 20% of init E , this node will refuse to forward packets for other nodes. The remaining energy of it will only use to send its own new data. figure 2 , the line with triangle represents the min-hop metric, and its lifetime is the shortest. This is because it just considers the minimization of hop count. However, some paths, though has less hop counts, the error rate is awful which will make the nodes retransmit their packets that cause the waste of energy. The line with circle in the rightmost represents the improved algorithm. From the result, we may get the conclusion that the modified algorithm makes the energy consumption more balanced. With ETE metric introduced, the lifetime of the WMSN is extended. As is shown in figure 3 , ETE achieves higher throughput. In the ETE, the nodes with energy under the threshold will refuse to forward packets for others, which help to extend the lifetime of low power nodes and balance the energy distribution of the network. Moreover, these low power nodes only consume energy when they have their own new data sent so that we have high throughput in last part of the simulation. Compared with ETE, low power nodes in 802.11s and min-hop routing die away more quickly, and the total amount of data the nodes sensed become less which pull down the throughput.
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CONLUSION
In this paper, we study the traditional route metric and point out their common deficiency: neglection of energy. We proposed a new route metric called ETE and introduced it into 802.11s airtime metric. The simulation reveals that the new algorithm improves the energy balance of the whole network and extends the lifetime of wireless mesh sensor network. In addition, the proposed algorithm may be further considered for multi-channel wireless mesh sensor networks in the future.
